INTRODUCTION
Activation of innate and adaptive immunity is essential for combating the constant challenge of invasive viral, bacterial, parasitic, and fungal pathogens. Conversely, preventing inappropriate activation of immune responses and down-regulating appropriate immune responses, once pathogens are cleared or other antigenic stimuli dissipate, are equally essential for avoiding immunopathology. Pathogen clearance by multiple arms of the immune system passively down-regulates immune responses by decreasing antigenic stimuli, but when antigen persists, unresolved immune responses may be more damaging than the infection itself. In such situations or when immune responses arise and propagate in the absence of infection, active immunoregulation by cytokines, regulatory cells, or pharmacological intervention may be appropriate to prevent or limit pathology.
The immunoregulatory cytokine IL-10 plays an essential role in down-modulating adaptive and innate immune responses [1] . A variety of hematopoietic cells, including monocytes, mast cells, TH2, regulatory T cells (Tr), dendritic cells (DC), and B cells, produces IL-10, usually in response to particular stimuli [2] . IL-10 inhibits TH1 responses indirectly by blocking IL-12 production and MHC Class II up-regulation by APC [3] [4] [5] . IL-10 also suppresses inflammation by inhibiting production of IL-1, TNF, and a variety of chemokines by APC, T cells, and neutrophils [3, 6, 7] . The physiological relevance of the immunoregulatory effect of IL-10 has been demonstrated clearly in animal models of disease. Too little IL-10 renders mice more susceptible to chronic enterocolitis [8] but more resistant to intracellular pathogens such as Listeria and Chlamydia [9, 10] , and IL-10 overexpression reduces intravascular inflammation and delays development of atherosclerosis in low density lipoprotein (LDL) receptor-deficient mice [11] . In human studies, lower levels of IL-10 production are associated similarly with diseases thought to have an inflammatory component, such as atherosclerosis and diabetes [12, 13] . Administration of exogenous IL-10 reduces symptoms in colitis and inflammatory bowel disease and can moderate disease severity [14, 15] . However, elevated IL-10 levels are associated with chronic bacterial infection [16 -18] , decreased DC maturation [19 -22] , and less effective immune surveillance against tumors [23] . Thus, the broad range of IL-10-mediated immunoregulation constitutes a double-edged sword with the beneficial effect of limiting immunopathology, counterbalanced by increased susceptibility to infectious disease and cancer. Although the regulatory role of IL-10 in various pathological states has been well described, there has been little investigation of IL-10 as a potential homeostatic regulator of the immune response. In this light, we report on the frequency, phenotype, and ultrastructure of PBMC, which constitutively produce and secrete IL-10 in healthy individuals. Constitutive production of IL-10 by a relatively large number of circulating cells in healthy individuals suggests that these cells could play a role in homeostatic immune regulation.
MATERIALS AND METHODS

Subjects
Acid citrate dextrose-preserved whole blood was collected by venipuncture from 12 apparently healthy volunteers (six males and six females, ages 26 -55 years), recruited from Memorial University Faculty of Medicine personnel (Newfoundland, Canada). Informed consent was obtained from individuals for drawing blood, and ethical approval was obtained from the Memorial University Faculty of Medicine Human Investigation Committee. PBMC were isolated by Ficoll-HyPaque Plus (Amersham Biosciences, Baie d'Urfé, Quebec, Canada) density gradient centrifugation. Cells were washed and suspended at 1 ϫ 10 6 /mL in lymphocyte medium (RPMI supplemented with 10% FCS, 10 mM HEPES, 2 mM L-glutamine, 1% penicillin/streptomycin, and 20 M 2-ME, all from Invitrogen, Burlington, Ontario, Canada).
Flow cytometry
Surface Staining
The phenotype of fresh PBMC subpopulations was determined by extracellular flow cytometry using antibodies against human myeloid and lymphoid lineagespecific surface markers, as listed in Table 1 . All steps were performed at 4°C, and incubations were performed in the dark to prevent fluorochrome photobleaching. Freshly isolated PBMC (5ϫ10 5 ) were washed with cold PBS supplemented with 0.1% BSA (Sigma Chemical Co.), 5 mM EDTA (Sigma Chemical Co.), and 0.02% sodium azide (Sigma Chemical Co.), resuspended in a total volume of 600 L, and incubated for 20 min with 0.5 g specific antibody against surface antigens or 0.5 g appropriate isotype controls (Table  1) . When the primary antibodies were unlabeled, fluorochrome-labeled secondary antibodies were added for 20 min, and cells were washed before fixation. Cells were fixed with 0.5 mL 1% paraformaldehyde (Sigma Chemical Co.) in PBS for 20 min, washed again, and resuspended in 250 L 1% paraformaldehyde. Fixed, stained cells were stored at 4°C until analysis on a FACScan flow cytometer (Becton Dickinson, San Jose, CA, USA).
Intracellular Staining
Cells were labeled as above for detection of surface antigens with an additional permeabilization step after fixation. Cells were incubated with 0.5 mL DakoCytomation permeabilization reagent together with antibodies against various cytokines or appropriate isotype control antibodies (Table 1) for 20 min. After washing, cells were resuspended in 1% paraformaldehyde in PBS until analysis as above. CellQuest Pro was used for data analysis.
Detection of IL-10 mRNA
The presence of IL-10 mRNA in freshly isolated PBMC subsets was demonstrated by RT-PCR. Aliquots of 1 ϫ 10 7 PBMC were washed with separation buffer (PBS supplemented with 5 mM EDTA and 0.5% BSA) and incubated for 30 min at 4°C with 5 g isotype control, anti-CD14, or anti-CD36 antibodies ( Table 1 ). The cells were washed again and incubated at 3 ϫ 10 6 /ml for 45 min at 4°C in separation buffer with sufficient goat anti-mIgG or rat-anti-mIgMconjugated magnetic beads (Dynal ASA, Oslo, Norway) for a 10:1 bead:target cell ratio. A magnet was used to separate bead-bound and unbound cells, and flow cytometry indicated depletion of Ͼ90% of the targeted subset. Total RNA from bead-bound and unbound cells was extracted with Trizol (Invitrogen) according to the manufacturer's instructions. cDNA was synthesized using the Amersham cDNA synthesis kit (Amersham Biosciences). Specific primers for PCR were described previously; antisense and sense IL-10 primer sequences were 5Ј-ACCTGCTCCACGGCCTTGCTCT-3Ј and 5Ј-CACCCAGTCTGAA-CAGCTGC-3Ј, respectively [24] . Antisense and sense primers for the ␤-actin housekeeping gene were 5Ј-CAACCGTGAGAAGATGACC-3Ј and 5Ј-ATCTC-CTGCTCGAAGTCC-3Ј, respectively. PCR conditions for each 50 L reaction were: 1ϫ PCR buffer, 2.5 mM MgCl 2 , 200 M dNTPs, 2.5 U Taq DNA polymerase, and 20 pmol each of the sense and antisense primer (all from Invitrogen). Reactions ran for 35 cycles for IL-10 and 30 cycles for ␤-actin with the following cycle times and temperatures: 40 s at 95°C, 30 s at 60°C (IL-10), or 55°C (␤-actin), 1 min at 72°C, with a final extension of 7 min at 72°C. The expected product sizes were ϳ360 and 339 bp for IL-10 and ␤-actin, respectively. Products were separated by electrophoresis on 2% agarose gels with 0.5 g/mL ethidium bromide (Sigma Chemical Co.) and visualized by UV light. Gels were analyzed using a charged-coupled device camera and ChemiImager (AlphaInnotech, San Leandro, CA, USA) software.
Depletion of CD61
ϩ PBMC
Ten million fresh PBMC were incubated for 20 min with 5 g-purified anti-CD61 antibody (Table 1) in 0.5 mL flow cytometry buffer at 4°C. Cells were washed and suspended in separation buffer with a 10:1 bead:target cell ratio of goat anti-mIgG-coated magnetic beads (Dynal ASA) for 45 min at 4°C. A magnet was used to remove bead-bound CD61 ϩ cells from the remaining PBMC. Depletion efficiency (98%) was determined by flow cytometric CD61 staining of the remaining PBMC.
Depletion of adherent cells
In some experiments, PBMC were depleted of adherent monocyte cells by plastic adherence. Freshly isolated PBMC at 1 ϫ 10 6 /well were incubated in 24-well, tissue-culture-treated, flat-bottom plates (Corning Costar, Corning, NY, USA) at 37°C, 5% CO 2 , for 60 min. Nonadherent cells were removed by gently resuspending settled PBMC in 1 mL medium. Efficiency of monocyte removal (97%) was determined by flow cytometry.
ELISPOT for IL-10 production
The number of IL-10-producing cells within intact or CD61-depleted PBMC was determined by ELISPOT. Flat-bottom, polyvinylidene difluoride-coated, 96-well plates (Millipore, Bedford, MA, USA) were prewet with 100 L 70% ethanol/well (Sigma Chemical Co.), washed with PBS, and coated overnight at 4°C or for 1 h at 37°C with 1.5 g/well anti-IL-10 antibody (Clone 9D7, Mabtech, Stockholm, Sweden) in PBS. Plates were washed five times with PBS, and 2 ϫ 10 5 intact PBMC or ϳ1.9 ϫ 10 5 CD61-depleted PBMC were added to each well in triplicate. Plates were incubated at 37°C, 5% CO 2 , for 18 h, washed with PBS, and incubated for 2 h with 0.1 g/well biotinylated anti-IL-10 antibody (Clone 12G8, Mabtech). Plates were washed, and 100 L 1:1000 dilution of streptavidin-alkaline phosphatase (Mabtech) was added for 1 h. After washing, 100 L freshly prepared 3 mg/mL NBT chloride/1.5 mg/mL 5-bromo-4-chloro-3-indolyl phosphate-p-toluidine substrate (BioRad, Hercules, CA, USA) in Tris buffer (pH 9.5) was added to each well for ϳ20 min. Plates were washed with distilled water to stop the color reaction and air-dried overnight before spot enumeration using the high resolution Zeiss reader system and associated KS software (Carl Zeiss Canada, Ontario). The number of IL-10-producing cells per million PBMC was determined by multiplying the average number of spots/duplicate well ϫ5.
Electron microscopy
The IL-10-producing PBMC population was enriched for visualization by electron microscopy through depletion of T cells, B cells, monocytes, and NK cells. PBMC (1.25ϫ10 8 ) were obtained from a healthy donor, divided into 1.0 ϫ 10 7 aliquots, and incubated with the following antibodies for 25 min at 4°C: Anti-CD2 (7 g); 6 g anti-CD3; 6 g anti-CD14; and 7 g anti-CD19 (Table 1) . Cells were washed, and goat anti-mIgG-coated magnetic beads (Dynal ASA) were added at a bead:PBMC ratio of 10:1 for 45 min at 4°C. Bead-bound cells were removed magnetically, and red cells lysed from the remaining unlabeled PBMC by 3 min room incubation at room temperature with 0.5 mL erythrocyte lysis buffer (0.15 M ammonium chloride, 10 mM potassium bicarbonate, and 0.1 mM EDTA in distilled water), followed by two PBS washes. The remaining cells (ϳ3.5ϫ10 6 /aliquot) were incubated with 3.5 g IgM anti-CD36 mAb (Table 1) for 25 min at 4°C, washed in flow buffer, and labeled with 12 nm gold particle-conjugated, goat anti-mIgM beads (Jackson Immunotech Laboratories, West Grove, PA, USA) for 40 min at 4°C. Cells were washed twice, and fixed in 1 mL Karnovsky's fixative (4 g paraformaldehyde, 5% glutaraldehyde in 0.2 M sodium cacodylate). After 6 h, cells were placed in 1% osmium tetraoxide for 20 min and washed. Cells were dehydrated with increasing alcohol concentrations from 75% to 100% followed by an acetone wash and embedded in epoxide resin overnight at 70°C. Sections (90 nm) were cut, stained with uranite acetate, and examined with a Jeol 1220ϫ electron microscope. 
Statistical analyses
All statistical analyses were performed using SPSS Version 9 (SPSS Inc., Chicago, IL, USA). Means were compared using the Mann-Whitney U test or Student's t-test.
RESULTS
A PBMC subset in healthy individuals constitutively produces and secretes IL-10
To investigate background levels of pro-and anti-inflammatory cytokine production by circulating PBMC, we used intracellular flow cytometry to evaluate constitutive IL-2, IL-10, IL-12, and IFN-␥ production by freshly isolated PBMC from healthy individuals. None of the proimmune or proinflammatory cytokines IL-2, IL-12, or IFN-␥ were constitutively produced by freshly isolated PBMC from any individual, but CD3-negative PBMC with lymphoid light-scatter characteristics constitutively producing IL-10 were detected in every individual tested (Fig. 1A) . A significant fraction of CD36
ϩ PBMC with lymphoid light-scatter characteristics expressed varying levels of IL-10, and a much smaller fraction of CD36 ϩ monocytoid cells produced low levels of IL-10 (Fig. 1B) . Intracellular flow cytometry indicated ϳ1% (range 0.37-1.14%) of PBMC from healthy individuals (nϭ12) constitutively producing IL-10 ( Fig. 2) . Following PBMC isolation, IL-10 production de-
We used an IL-10 ELISPOT assay to confirm constitutive IL-10 production and to demonstrate IL-10 secretion by freshly isolated PBMC. For the six individuals tested, 318 -1171 cells/ 10 6 PBMC secreted IL-10 detectable by ELISPOT (Fig. 2) . Negligible numbers of spots developed in the control wells. Although the ELISPOT data confirm spontaneous production of IL-10 by PBMC from healthy individuals, the frequency of IL-10-producing cells detected is approximately one-tenth of that observed by intracellular flow cytometry, reflecting greater sensitivity of flow cytometry or fairly rapid cessation of IL-10 production in vitro. There was a weak but significant correlation between the frequency of IL-10-producing PBMC detected by intracellular flow cytometry and ELISPOT (rϭ0.88, PϽ.05). Constitutive production of IL-10 protein was also reflected by detection of IL-10 mRNA in freshly isolated PBMC subsets by RT-PCR (Fig. 3) . The CD14 ϩ monocyte population and more so, the CD36 ϩ monocyte and lymphoid cell population accounted for IL-10 mRNA in freshly isolated PBMC.
Detailed phenotype of PBMC constitutively producing IL-10
Initial flow cytometry studies identified the majority of IL-10-producing PBMC as non-T cells with lymphoid light-scatter characteristics. We used the panel of antibodies listed in Table  1 to phenotype these IL-10-producing PBMC more extensively. None of the early precursor and stem cell markers (CD34 and CD117), lymphoid lineage-specific markers (CD2, CD3, and CD19), or myeloid lineage marker CD33 was present on the IL-10-producing cells (Fig. 4) . The general leukocyte marker CD45 was present together with the nonlineage-specific adhesion molecules CD54 and CD62L. In the absence of other T cell subset makers such as CD4 or CD8, the thymocyte and T cell subset antigen CD7 was expressed on the IL-10-producing cells. None of HLA Class II, CD11c, CD40, CD68, CD80, CD83, or CD86 (molecules found primarily on professional APC) was present on the IL-10-producing cells. Of several activation markers examined (CD25, CD38, and CD69), only CD38, an activation marker increased on T cells and APC after antigen-specific stimulation, was found on the IL-10-producing cells. These data indicate that the lymphoid PBMC constitutively producing IL-10 do not belong to any commonly recognized NK cell, B lymphocyte, T lymphocyte, or DC subset, and they are not professional APC.
Two cell surface markers best defined the constitutive IL-10-producing cells and distinguished them clearly from other PBMC with lymphoid-scatter characteristics. All the IL-10-producing cells expressed CD36 (Fig. 5A ) and low levels of CD61 (Fig. 5B ). Cells with high-level CD36 expression (mean channel fluorescence Ն10
2 ) were uniformly positive for intracellular IL-10, and 50 -80% of the CD36 ϩ CD61 ϩ cells expressed IL-10 (Fig. 5B) . To demonstrate constitutive IL-10 production by circulating CD36 ϩ CD61 ϩ cells, CD61 ϩ cells were magnetically depleted from freshly isolated PBMC. This removed greater than 98% of the CD36 ϩ IL-10 ϩ population in fresh PBMC (Fig. 6A) as measured by flow cytometry. When PBMC depleted of CD61 ϩ cells were incubated for 18 h in an IL-10 ELISPOT assay, significantly fewer spots were formed (318 IL-10-producing spots/10 6 cells) than with intact PBMC (733 spots/10 6 PBMC; Fig. 6B ; tϭ2.62, PϽ0.03). This degree of reduction in the ELISPOT assay relative to the 98% reduction in the immediate ex vivo flow cytometry assay indicates partial but incomplete overlap between the PBMC-producing IL-10 ex vivo as detectable by flow cytometry and the PBMCproducing IL-10 in vitro as detected by overnight ELISPOT assay.
Relationship between phenotype and function of IL-10-producing PBMC As monocytes are the major PBMC population, previously reported to express the CD36 and CD61 molecules, distinguishing our IL-10-producing PBMC, we examined phenotypic and physical characteristics of the CD36 ϩ IL-10-producing lymphoid cells, which might differentiate them further from monocytes. Lymphocytes and monocytes have different forward (size) and side (granularity) light-scatter characteristics when analyzed by flow cytometry. Most of the PBMC constitutively producing IL-10 have light-scatter characteristics similar to lymphocytes (Fig. 1B) , indicating they are smaller and less granular than monocytes. They also do not express the monocyte marker CD14 (Fig. 7) . Nonadherence to plastic distinguishes the CD14 -CD36 ϩ
CD61
ϩ IL-10-producing cells further from CD14 ϩ CD36 ϩ CD61 ϩ monocytes, as there was no depletion of IL-10-producing cells following 2 h PBMC incubation on plastic dishes (data not shown).
As previously shown, CD36 is present on the IL-10-producing cells, and high CD36 expression appears to be associated with IL-10 production. CD36 is a scavenger receptor for apoptotic bodies and may play an evolutionary role in the innate immune response. Absence of CD14, the LPS receptor that stimulates a monocyte, proinflammatory response, phenotypically distinguishes the IL-10-producing cells from CD36 ϩ monocytes. As CD14 is functionally related to the family of TLRs, which recognize pathogen-associate molecular patterns, we investigated expression of several common TLRs on the CD36 ϩ IL-10-producing lymphoid cells. In contrast to the
ϩ cells did not express TLR-2, -4, or -9 (Fig. 7) . The absence of these primarily proinflammatory receptors on the surface of the IL-10-producing cells is consistent with their production of the anti-inflammatory cytokine IL-10 and with a potential immunoregulatory role for these cells.
Ultrastructural characteristics of the IL-10-producing cells
To examine the ultrastructure of the IL-10-producing cells, we enriched for this population by depleting PBMC of T cells, B cells, monocytes, and NK cells with magnetic beads and antibodies against CD2, CD3, CD14, and CD19. Remaining cells were incubated with gold bead-conjugated anti-CD36 antibodies, and the CD36 ϩ cells were visualized by electron microscopy. The CD36 ϩ cells were ϳ6 m in diameter, similar to resting lymphocytes, with a high nucleus:cytoplasm ratio and large amount of heterochromatin (Fig. 8) . Mitochondria were plentiful, and rough endoplasmic reticulum was prominent in the cytoplasm, suggesting these were highly synthetic, metabolically active cells.
DISCUSSION
Induction of inflammatory and immune responses must be regulated carefully to allow for effective, protective immunity while avoiding unnecessary inflammation and immunopathology. Stimuli must breach a certain threshold individually and collectively to initiate or sustain inflammation and immunity. Whether an appropriate threshold for immune activation is maintained simply through the requirement for accumulation of positive signals or whether low-level basal immune suppression may be involved is an important issue in relation to susceptibility to chronic infection or chronic inflammation. Consistent with the general view that immune responses do not arise in the absence of stimuli, we found little or no constitutive production of proinflammatory cytokines IL-2, IL-12, or IFN-␥ by PBMC from healthy individuals. However, up to 1% of freshly isolated PBMC constitutively produced and secreted IL-10, an important negative regulator of inflammatory and cellular immune responses. Phenotypic and ultrastructural characterization of the cells spontaneously producing IL-10 indicated a PBMC subset previously undescribed, resisting inclusion in any common, recognized lineage.
Constitutive production of IL-10 by freshly isolated, nonstimulated PBMC was readily apparent by ex vivo intracellular flow cytometry or by ELISPOT, following overnight incubation in unsupplemented lymphocyte medium. It is surprising that despite the widespread application of sensitive ELISPOT assays, only one group has reported constitutive IL-10 production previously by PBMC and in this case, only at the mRNA level [25] . Counterstaining the IL-10
ϩ PBMC by flow cytometry demonstrated consistent expression of the common leukocyte antigen, CD45, suggesting hematopoietic origin. Although TH2 cells are a common source of IL-10 in response to specific antigens, none of the IL-10 ϩ cells expressed CD2, CD3, CD4, CD8, or CD19, ruling out their assignment within NK, T, or B cell subsets. Immature DC and monocytes also produce IL-10, but the characteristics of the lymphoid IL-10 ϩ cells were inconsistent with either of these PBMC subsets. Unlike immature DC, the IL-10 ϩ cells expressed no HLA-DR or CD1a. In contrast to monocytes, the IL-10 ϩ cells had lymphoid cell light-scatter characteristics and did not express CD14, CD33, CD68, or MPO. The IL-10 ϩ cells are easily distinguished from virtually all other PBMC by their lymphoid light scatter (smaller and less complex than monocytes) and expression of CD36 in the absence of CD14. Expression of other surface markers such as CD5, CD7, CD38, CD54, CD59, and CD61 is interesting and useful for depletion or isolation but offers little obvious insight into the origin or role of these cells. The constitutive IL-10 production is consistent with a role for these cells in low-level basal immunosuppression, and expression of CD62L indicates an ability to exit the bloodstream through high endothelial venules and modulate immune responsiveness within the lymph nodes, where primary immune responses generally originate.
As noted in Results, a small proportion of circulating monocytoid cells was also IL-10 ϩ -positive. These cells were easily differentiated from the CD36 ϩ CD14 -population of lymphoid cells, and removal of CD14 ϩ monocytes through plastic adherence or magnetic beads did not deplete IL-10 protein or mRNA-bearing cells, respectively. Absence of CD14, a primarily proinflammatory molecule related to the TLR, phenotypically distinguishes the CD36 ϩ IL-10 ϩ cells from monocytes and also supports their characterization as potentially immunosuppressive, rather than proinflammatory cells. Although signaling through CD14 can also result in late production of IL-10, the phenotypic polarization of these CD36 ϩ IL-10 ϩ cells away from immune activation is reflected further by the absence of TLR-2, -4, and -9, additional proinflammatory receptors, which are consistently expressed on CD36 ϩ monocytes and are generally associated with immune activation. In the CD14 -CD36 ϩ PBMC subset, we observed a general relationship between IL-10 production and CD36 expression in that all CD36 bright cells were producing IL-10 and that the CD36 bright cells produced more IL-10 than CD36 dim cells. This relationship raises the possibility of a mechanistic link between CD36 expression and the function of these cells. One function of CD36 is in the uptake of apoptotic bodies by macrophages and DC [26, 27] and subsequent modulation of immune responses [28] . The relationship between high CD36 expression and high IL-10 production could preferentially deliver apoptotic bodies to IL-10-producing cells, favoring immune suppression over inflammation. Delivery of early apoptotic cells to a macrophage subset producing IL-10 was demonstrated and proposed recently as a mechanism to prevent autoimmunity under steadystate conditions [29] . Another CD36L is oxidized LDL (ox-LDL), a factor associated with the pathogenesis of atherosclerosis [30, 31] . Selective delivery of oxLDL to IL-10-producing cells through this interaction with CD36 could play a protective role against the putative inflammatory component of atherosclerosis. The malaria-causing parasite Plasmodium falciparum also interacts with CD36 and through this interaction could exploit localized immunosuppression to evade immunity and establish chronic infection [28] .
Although circulating monocytes express relatively low levels of CD36, few were constitutively producing IL-10; therefore, cell-specific factors other than just expression of CD36 are involved in constitutive IL-10 production. Monocytes exposed in vitro to thiazolidinediones, peroxisomal proliferator-associated receptor-␥ agonists, commonly used to treat Type II diabetes-associated insulin resistance, express higher levels of CD36 and develop an anti-inflammatory cytokine release profile [32] . A rat model of Type II diabetes and hypertension has a dominant CD36 mutation, which precludes expression of CD36 at the transcriptional level [33] , supporting an immunomodulatory role for CD36 in inflammatory diseases such as diabetes. In humans, the null mutation of a human blood group polymorphism Nak a results in loss of CD36 expression [34] . This phenotype is prevalent in African and Japanese populations, and it would be interesting to compare circulating IL-10 ϩ PBMC and the rates of various inflammatory diseases between Nak a null (with impaired CD36 expression) and appropriate control groups.
Local delivery or production of IL-10 may be the mechanism by which CD36 engagement, in some cases, dampens inflammatory responses [28, 35] . We speculate that the IL-10 ϩ
CD36
ϩ cells provide a low-level, innate barrier to immune responses and inflammation, suggesting that lower circulating levels of these cells could predispose to development of autoimmune or proinflammatory diseases. Homeostatic regulation of the immune system, similar to what we are suggesting by these IL-10 ϩ cells, is mimicked in the interaction between lung alveolar epithelial cells (AEC) and alveolar macrophages (AM) [36] . TGF-␤ produced by AEC maintains a homeostatic, suppressive environment in normal lung by inhibiting AM. However, AM are still able to respond to and clear microbial pathogens when necessary by using conformational change to disengage from the AEC inhibition. AM inhibition is restored as the pathogen is cleared, resulting in minimal damage to nearby lung tissue. We suggest that constitutive production of IL-10 by the cells described in this study provides a similar tonic checkpoint on the immune system to down-regulate unnecessary responses in the steady state.
The concept of immune regulatory cells has evolved through various incarnations of suppressor T cells to the relatively concrete CD4 ϩ CD25 ϩ Tr cells of today. These cells develop spontaneously and in some cases, mediate their effector functions through nonspecific cytokines such as IL-10 and TGF-␤. However, they are activated through antigen-specific receptors and therefore, constitute an adaptive immunosuppressive response, which can appropriately protect against autoimmunity and inappropriately increase susceptibility to infection and cancer. The existence of circulating antigen-nonspecific cells, spontaneously producing the immunosuppressive cytokine IL-10, suggests that like immune reactivity, immune suppression may be organized in innate and adaptive layers with a similar series of interconnections still to be elucidated. ϩ CD14 -cells. Freshly isolated PBMC were depleted of T cells, B cells, NK cells, and monocytes, labeled with anti-CD36, followed by 12 nm gold particle-conjugated goat anti-mIgM beads, and then visualized by electron microscopy. Arrowheads on the right panels indicate gold beads associated with CD36.
